The present study focused on whether the movement correction capability during interceptive action can be improved by practice and investigated what practice method would enable the improvement. Two possible practice methods were conducted, i.e., practice with direct interception of an accelerating target (within-trial target velocity changes; WT practice), and practice with interception of 2 constant-velocity targets that are presented in uncertain order (inter-trial target velocity changes; IT practice). After practice, the rate of movement correction and movement kinematics of both groups were investigated at post-and transfer tests that included various novel target conditions. In the post-test, only the IT practice group showed improved rate of movement correction and movement velocity patterns with rapid acceleration for the accelerating targets despite having no direct experience with target velocity change during practice. In the transfer test, the WT practice group showed a relatively high rate of movement correction for the novel target velocity changes. These results indicate that movement correction capability during interception can be improved by practice. However, WT and IT practices lead to the development of diŠerent movement correction strategies.
Introduction
Movement correction, which involves large-scale changes in 1 or more parameters (e.g., velocity or direction) of movement organization during an interceptive action, is a fundamental skill in fast ball sports such as baseball. Previous research has demonstrated that experts in fast ball sports are more successful at achieving interceptions when faced with environmental changes than novices (Ripoll and Latiri, 1997; Runigo et al., 2005 Runigo et al., , 2010 . Thus, improving the movement correction capability, which minimizes errors induced by unexpected environmental changes, is necessary to develop expertise in interception in a fast ball sport. However, whether this movement correction capability can be improved by practice has not been studied yet. Moreover, the practice methods that would allow such improvement-if possible-are yet unknown.
Practice that includes actual changes in velocity or direction of a moving target is plausible as a practice method for improving movement correction capability. The practice methods employed in sports training, e.g., practice with the breaking ball, imply that the experience of actual changes of the visual information associated with changes in the velocity or direction of a moving target is needed to improve the movement correction capability during interception. However, recently reportedˆndings do not support this implication. de Azevedo Neto and Teixeira (2009) , who used an interceptive action in response to a moving target, reported that noncorrected movement (i.e., a pattern characterized by a regular increase in movement velocity) was observed under a velocity-change condition in which the prior expectation of the next trial's condition was certain (i.e., all trials were performed under the velocity-change condition). In contrast, they also reported that movement correction (i.e., a pattern characterized by an abrupt change in movement velocity) was ob-served even under an unchanged velocity condition in which the expectation was uncertain (i.e., there was a 50z chance of the target velocity being changed). They interpreted that the interception was controlled using the predicted motion features of a moving target (i.e., predicted by the internal forward model before the movement onset) (see also Marinovic et al., 2008 Marinovic et al., , 2010 . Additionally, they suggested that the interception is corrected by combining online visual information with the internal forward model. From these perspectives, it can be assumed that performers prepare the interceptive action before the target presentation according to the internal forward model. After the presentation of the target, when the actual motion features perceived from the raw visual information do not match the predicted motion based on the internal forward model, the performer has to update the internal forward model immediately after initiating the interceptive action. Therefore, if movement correction is achieved by updating the internal forward model, as shown in the theory of the internal forward model, the required experience for improving movement correction capability should be the discrepancy between the predicted and actual target velocity rather than the actual change of target velocity. Taken together, two possible practice methods can be designed: practice under a condition that involves actual velocity changes of a moving target during an interceptive event (within-trial practice: WT practice) and practice under a condition involving unpredictable target velocity changes between trials (inter-trial practice: IT practice). According to the internal forward model principle, the 2 practice methods (WT and IT) would show a diŠerence in the performers' adaptability to the change in novel target velocity because they would acquire a diŠerent internal forward model and a diŠerent strategy for performing the interceptive action. On the basis of theˆnding that no movement correction occurred when the prior expectation was certain (de Azevedo Neto and Teixeira, 2009) , it can be predicted that the WT practice, which involves only within-trial changes of target velocity, will enhance the acquisition of an internal forward model that is speciˆc to the practiced target velocity changes. Thus, the WT group will acquire a strategy in which the interceptive action is performed using this speciˆc internal forward model. This type of control strategy mediated by the acquired speciˆc model would not be eŠective for movement correction under a novel changing condition requiring a diŠerent internal model or an updated one. In contrast, on the basis of theˆnding that movement correction occurred when the prior expectation was uncertain (de Azevedo Neto and Teixeira, 2009) , it could be predicted that the practice with uncertain inter-trial changes of target velocity enhances the acquisition of a strategy in which the movement is corrected by updating the internal forward models (i.e., as acquired during practice with 2 diŠerent velocity conditions). This is because, during the IT practice, the participants are often required to rapidly update the internal forward model after the target is visible, owing to the uncertainty in inter-trial velocity change. This updating strategy would also enable updating the internal forward model under the novel target velocity change. Therefore, we adopted the transfer test involving novel velocity-change conditions in order to examine the adaptability of the strategies that were acquired by the 2 practice methods.
The present study focused on whether the movement correction capability, which minimizes temporal errors in interceptive action induced by unexpected environmental changes, can be improved by practice, and investigated what practice method would enable this improvement. To this end, we assigned the participants to the one of 2 groups with diŠerent practice conditions-the WT and IT groups-and compared the rates of movement correction (DE Fb z), which re‰ected the e‹ciency of the corrective processes Teixeira et al., 2005 Teixeira et al., , 2006a . If the within-trial changes of target velocity are an essential requirement for improving the movement correction capability, the DE Fb z for the accelerating target during the interception would increase after the practice only in the WT group. In contrast, if the inter-trial changes (i.e., the rapid updating of the internal forward model) are an essential requirement for the improvement of correction capability, the DE Fb z would increase after the practice only in the IT group. In addition, the transfer test was used to examine the adaptability of the acquired strategy for performing the interceptive action. Figure 1 shows the experimental device, consisting of a straight runway (4 m long and located 80 cm above the ground), with 200 light-emitting diodes that simulate a moving target, and a slider that could slide along the horizontal track in alignment with the runway. The participants sat in front of the track and performed a coincident timing task with interceptive action, simulating an action such as hitting a baseball, which consisted of hitting the switch at the end of the runway with a reaction slider at the moment of the arrival of the``target'' apparently moving through the straight runway (see also, Runigo et al., 2005) . The distance from the starting point to the end point of the interceptive action was 0.50 m.
After 3 s of pre-stimulus light ‰ashes, the target was made to move linearly toward the end of the runway. To record the movement kinematics of the slider, a non-contact sensor, placed under the platform of the slider, was used to detect the transit time of the slider over 25 points on the metallic plate, spaced 2 cm apart. The transit time was recorded at the point of the maximum distance (i.e., 7 mm) between the sensor and the metallic plate.
Velocity conditions
Three velocity conditions were used in the pretest, post-test, and practice phase (2 constant-velocity conditions and 1 velocity-change condition) ( Table 1 ). In the constant-velocity conditions, the initial velocity (4 m/s [Slow] or 8 m/s [Fast]) was maintained until the target's arrival. In the Acceleration condition, the target velocity was abruptly changed from 4 to 8 m/s at 300 ms before the tar-get's arrival to the end of the runway. The target velocities and the point of velocity change were set on the basis of previous studies (Runigo et al., 2005; Teixeira et al., 2005) . Three other velocity-change conditions, in which the timing, velocity, or direction of the velocity change were manipulated, were used in the transfer test (see details in Table 1 ). First, in the ACC-250 condition, the target accelerated in a slower fashion compared with the Acceleration condition. Second, in the High-ACC condition, the magnitude of the target's acceleration was larger than in the Acceleration condition. The third was the DEC condition, in which the velocity change was in the opposite direction to the Acceleration condition (i.e., target deceleration).
Experimental procedures
The participants were randomly assigned to one of 2 groups: WT (n＝8) or IT (n＝9) group. All participants performed a pre-test of 45 trials randomly ordered under the 3 velocity conditions (i.e., Acceleration, Slow, and Fast) after performing 2 practice trials for each condition to familiarize themselves with the experimental task. The participants received no feedback about their temporal errors during the pre-test.
One minute after the completion of the pre-test, the participants performed 90 trials divided into 2 blocks according to each practice condition (practice phase). Thus, the WT group practiced only under an Acceleration condition, whereas the IT group practiced only under a constant-velocity condition, which included the Slow and Fast conditions (randomly ordered). On the second day of the practice phase, the 2 groups performed 135 trials (i.e., 45 trials×3 blocks). On theˆnal day of the practice phase, both groups performed 45 trials (i.e., 1 block), for a total of 270 trials in 6 blocks over 3 days. During the practice phase, the participants received feedback concerning temporal errors, and a 1-min rest period was provided between blocks. After the completion of the practice phase on the third day, all participants performed a post-test, which was similar to the procedure of the pre-test.
Twenty-four hours after the completion of the post-test, all participants performed a transfer test. This transfer test consisted of 90 trials (i.e., 45 trials ×2 blocks) under the ACC-250, High-ACC, and DEC conditions (randomly ordered) in addition to the pre-and post-test conditions. To estimate the movement correction, the participants, in all test phases, were not informed of the velocity condition that will be presented in the next trial, on the basis of theˆnding that movement correction does not occur when the next velocity condition is known in advance (de Azevedo Neto and Teixeira, 2009).
Measurement variables 2.4.1. Performance measure
The temporal error and the DE Fb z were used to estimate the accuracy of the interception and movement correction capability, respectively. The DE Fb z was often used for evaluating the rate of movement correction that was actually performed in response to the change of target velocity Teixeira et al., 2005 Teixeira et al., , 2006a . This DE Fb z value was based on the idea that (1) if the movement is appropriately corrected, the temporal error should be similar to that observed when the target velocity is unchanged, or (2) if the movement is not corrected at all (i.e., a prepared response was performed), then the actual temporal error should have a value similar to that obtained by adding the induced error to the observed error when the target velocity is unchanged. The induced error indicates the putative error calculated on the basis of the increment or decrement of time to target arrival at the interceptive position under the velocity-change condition in relation to the constant-velocity condition. For instance, when the target velocity was increased at 600 ms to arrival at the interceptive point, such as in the Acceleration condition in this study, the time to the arrival of target was changed from 600 ms to 300 ms. This increment of target velocity induces a delay in movement temporization of 300 ms (i.e., induced error). This estimate is given by the following equation:
where Ei is the corresponding induced error for each velocity-change condition ( Table 1) , Ec is the average of the all trials of the actual constant error for each velocity-change condition, and Eu is the average of the all trials of the constant error for each constant-velocity condition. Thus, the DE Fb z corresponds to the diŠerence between the induced and observed error, discounting the bias toward early or late responses, normalized by the induced error Teixeira et al., 2005 Teixeira et al., , 2006a . A DE Fb z value of 100z indicates complete movement correction, and 0z indicates no movement correction. Values that lie between these 2 possibilities would indicate partial movement corrections.
Movement kinematics
Kinematic variables were used to investigate the strategy for performing the interceptive action that was acquired through each practice method. de Azevedo Neto and Teixeira (2009) reported 2 movement velocity patterns in the interception of a moving target: a pattern with apparent movement velocity change during its displacement and a pattern with a regularly increasing movement velocity. They considered that these patterns indicate an online correction and a preprogrammed noncorrected movement, respectively. Therefore, we calculated the time-series velocity proˆle of the slider to examine the strategy that was acquired by both groups. To calculate the time-series velocity data, the slider positions every 2 ms were estimated by linear interpolation of the raw data for the transit time of the slider between each point of the metallic plate. The velocity data was then estimated by implementing theˆrst-order diŠerential based on the slider displacement data. Furthermore, we calculated the mean movement velocity of each 100 ms interval from 300 ms before to 300 ms after the velocity change according to the time-series velocity data. Thus, 6 phases were created by this calculation as follows: phases 1, 2, and 3 are from -300 to -200 ms, from -200 to -100 ms, and from -100 to 0 ms before target velocity change, respectively, and phases 4, 5, and 6 are from 0 to 100 ms, from 100 to 200 ms, and from 200 to 300 ms after target velocity change, respectively. Because we focused on the movement correction strategy in response to the actual target velocity change during the interceptive action, the data from the Slow and Fast conditions were excluded from the analysis.
Statistics
A 3-way mixed ANOVA (2 groups×3 velocity conditions×2 tests) and a 2-way mixed ANOVA (2 groups×3 transfer velocity conditions) for the temporal error from pre-test to post-test and in the transfer test were used to estimate the eŠects of the 2 practice methods on the accuracy of interception. Further, to examine whether the movement correction capability was improved by each practice method, we used a 2-way mixed ANOVA (2 groups ×2 tests) for the DE Fb z values of the Acceleration condition. To examine the strategy for performing the interceptive action, we used a 3-way mixed ANOVA (2 groups×6 phases×2 tests) for the mean value of time-series velocity data of the slider under the Acceleration condition. In addition, to examine the adaptability of the strategies that were acquired by the 2 practice methods, we used a 2-way mixed ANOVA (2 groups×3 transfer velocity conditions) for the DE Fb z values in the transfer test. The degrees of freedom were adjusted using the Greenhouse-Geisser approach. When there is a signiˆcant interaction or a second-order interaction, we conducted a simple main eŠect test or a simple simple main eŠect test following the simple interaction test, respectively. The post hoc mean comparisons were performed using the Bonferroni test.
Results
3.1. EŠects of practice on movement correction in the Acceleration condition 3.1.1. Performance Table 2 shows the temporal errors in the Acceleration, Slow, and Fast conditions at the pre-and posttests. An analysis of the temporal errors indicated main eŠects for the test (F [1, 15] ＝37.93, pº.01, Figure 3 shows the mean movement velocity prole of the slider motion in the Acceleration condition at the pre-and post-tests. In the pre-test, both groups initiated the interceptive action about 200 ms after the target presentation started, and then they rapidly accelerated the movement velocity after the acceleration of the target. On the other hand, in the post-test, the velocity proˆles of both groups were clearly diŠerent. Speciˆcally, both groups initiated the interceptive action earlier. In addition, the WT group showed gradual acceleration of movement velocity while the IT group showed rapid acceleration of movement velocity.
Movement kinematics
To verify these observations, the mean movement velocity for the Acceleration condition of each phase was analyzed (Figure 4) . A 3-way mixed ANOVA (2 groups×6 phases×2 tests) indicated a main eŠect for the test (F [1, 15] 
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Improvement of Movement Correction Capability seen between 2 groups in all phases at pre-test, the mean velocity of the WT group was signiˆcantly higher than that of the IT group in phase 4 ( pº.01) and phase 5 ( pº.05) at post-test. Second, a signiˆcant diŠerence between pre-test and post-test was observed from phase 1 to 5 (pº.05) for the WT group, and from phase 1 to 3 (pº.01) for the IT group. Third, all changes in mean velocity from the previous phase to the next phase was signiˆcant for both groups at pre-test. In the post-test, although the WT group showed a similar change to the pretest, the IT group did not show a signiˆcant change in mean velocity only from phase 3 to 4. Table 3 shows the temporal errors of the transfer velocity conditions. An analysis of the temporal errors indicated a main eŠect for the transfer velocity condition (F [2, 30]＝444.89, pº.01, h p 2 ＝.97). The interaction group×transfer velocity condition was also signiˆcant (F [2, 30]＝8.12, pº.01, h p 2 ＝.35). This interaction showed that the temporal error in the IT group was signiˆcantly lower than that in the WT group only in the DEC condition (pº.05).
Transfer eŠect in the novel target velocity conditions
The DE Fb z values in the transfer test are shown in Figure 5 . The main eŠect of the transfer velocity condition (F [1.13, 16 .98]＝177.98, pº.01, h p 2 ＝.92) and the interaction were signiˆcant (F [1.13, 16 .98]＝4.35, pº.05, h p 2 ＝.23). The interaction indicated that the DE Fb z values in the ACC-250 and High-ACC conditions were signiˆcantly higher than those in the DEC condition ( pº.01) in both groups. Further, the DE Fb z in the High-ACC condition was signiˆcantly higher than that in the ACC-250 condition ( pº.05) in both groups. In addition, the DE Fb z of the WT group was signiˆcantly higher than that of the IT group only in the DEC condition ( pº.05).
Discussion
The main purposes of the present study were to investigate whether the movement correction capability during interception can be improved by practice and to determine what practice method would enable this improvement. To this end, the change of the DE Fb z and mean movement velocity for the Acceleration condition from pre-test to post-test were compared between the groups to investigate the change of movement correction capability. Additionally, the adaptability of the acquired strategy for performing the interceptive action under the novel target conditions was examined. The mainˆndings were that only the IT group showed a signiˆcant improvement in DE Fb z for the Acceleration condition from pre-test to post-test, despite having no direct experience with an acceleration of target velocity during practice. Moreover, the movement velocity proˆles after practice were diŠerent between the groups, although they had the same proˆle in the pre-test. In the transfer test, although the DE Fb z for the ACC-250 and High-ACC conditions were comparable between both groups, the IT group showed a signiˆcantly lower DE Fb z than the WT group in the DEC condition. The above results indicate that the movement correction capability was improved by practice. However, diŠerent correction strategies were developed from the WT and IT practices.
In the practice phase, the participants in the IT group faced inter-trial changes of target velocity in an uncertain manner. In the interceptive task with random presentation of diŠerent target conditions, the participants relied on the target velocity of the previous trial to initiate their interceptive action (Gray, 2002) and used the visual information to update an internal forward model that predicts the motion feature of the moving target rather than being directly used for motor control Teixeira, 2009, 2011; Zago and Lacquaniti, 2005; Zago et al., 2008 Zago et al., , 2009 ). On the basis of these considerations, participants in the IT group prepared the interceptive action by using the internal forward model from the previous trial, which was rapidly updated when the prepared model was inappropriate to the actual target velocity. Therefore, the improvement in the rate of movement correction (i.e., DE Fb z) without experiencing the Acceleration condition suggests that the experience of updating the internal forward model between trials at the IT practice enabled the participants to update their internal forward model during within-trial changes. The results of movement kinematics analysis provide further information about this explanation. The IT group signiˆcantly increased the mean movement velocity at phases 1, 2, and 3 (i.e., before the target velocity change) from pre-test to post-test. Especially, although the movement velocity in phase 1 at pre-test was around 0 m/s, it increased after the practice. This indicates that although participants before practice could not initiate the movement unless the target is present, they could predictively initiate the interceptive action by using the acquired internal forward model after the practice even if the target is not yet present. After these phases, they did not show a signiˆcant increase in the mean movement velocity from just before to just after the target acceleration (i.e., from phase 3 to phase 4). This means that a certain amount of time is needed to update the internal forward model in such a condition. After this constant-velocity phase, they abruptly improved the movement velocity. Taking these results together, it is assumed that the IT group acquired a strategy that enables adaptation to the target acceleration by updating the internal forward model from what was suitable for the Slow condition to what is suitable for the Fast condition.
The use of this strategy was further supported by the result of the DEC condition. The DE Fb z of the IT group (-3.2±9.73) was signiˆcantly lower than that of the WT group (13.0±15.41), and this value is lower than in previous studies (Teixeira et al., 2006a) . This result was thought to be due to the acquired strategy by the IT group rather than the improvement of the DE Fb z in the WT group. That is, the participants in the IT group performed the interception of the decelerating target (i.e., from 8 to 4 m/s) by using the acquired internal model (i.e., 8 m/s) that was used to update the internal forward model, because the initial velocity is the same in the DEC and Fast conditions. Thus, a lower DE Fb z was induced. This result also indicates that the IT group could update the internal forward model in response to acceleration (i.e., updating the internal forward model from what was suitable for the Slow condition to what is suitable for the Fast condition) but not to deceleration. A previous study on interceptive actions has shown that the temporal accuracy for a deceleration target is poor compared with that for an acceleration target (Teixeira et al., 2006a) . That is, the alteration of movement velocity from fast to slow is more di‹cult to deal with than that from slow to fast (Marinovic et al., 2009) . It is assumed that the participants in the IT group often prepare for the slow target in order to avoid performance decrement during the practice. Therefore, the IT group gained experience in altering the movement velocity in the direction of target acceleration, which was relatively easy compared with that for target deceleration. Thus, the IT group showed a relatively higher DE Fb z in the Acceleration, ACC-250, and High-ACC conditions compared with that in the DEC condition. This result indicates that the IT group could update the internal forward model in response to acceleration but not to deceleration. If this implication is correct, the improvement of movement correction capability in response to target deceleration was based on the practice where the participants planned their movement according to the Fast condition. Further investigation is needed to clarify this assumption. From the above, although the IT practice improved the movement correction capability by using the strategy of updating the internal forward model, this strategy would have the speciˆcity (i.e., the speciˆc direction of the alteration of movement velocity) of the previous motor preparation during practice.
Concerning the WT group, we assumed that the adaptability in the transfer test is low because they acquired the internal forward model that is speciˆc to the Acceleration condition and the strategy in which the interceptive action is performed using this internal forward model. In fact, although the WT group decreased the temporal error for the Acceleration condition from pre-test to post-test, they did not show a signiˆcant increase in DE Fb z. In addition, the mean movement velocity at just after the target acceleration (i.e., phases 4 and 5) of the WT group was signiˆcantly higher than that of the IT group. These results suggest that the WT group did not correct the interceptive action in accordance with the target acceleration, but instead predictively performed the interceptive action that is suitable for the Acceleration condition. However, in the transfer test, the WT group showed a relatively higher DE Fb z. It has been reported that the DE Fb z was lower in a condition with a shorter time for movement correction after velocity change than that in a condition with a longer time after velocity change (Teixeira et al., 2006a) . Therefore, movement correction in the ACC-250 condition is more di‹cult than in the Acceleration condition. Moreover, movement correction in the High-ACC condition is also more di‹cult than in the Acceleration condition owing to the requirement of a larger correction. Nonetheless, the WT group showed a higher DE Fb z in the ACC-250 (62.3±14.85) and High-ACC (69.8 ±11.01) conditions than that in the Acceleration condition at pre-test (59.1±13.48). This adaptability to the novel velocity conditions can be interpreted as that the interceptive control of the WT group did not rely on the internal forward model that is speciˆc to the Acceleration condition because, if so, the DE Fb z should not be higher. Considering that the perception-action coupling could become tighter with practice and could produce better movement corrections (Runigo et al., 2005 (Runigo et al., , 2010 Tresilian, 1995) , the experience with direct within-trial changes of target velocity would enhance the fast perceptionaction coupling. From the above, it might be considered that the WT group improves the movement correction capability by the fast perception-action coupling that was acquired through direct exposure to within-trial changes of target velocity.
In conclusion, movement correction capability during an interceptive action can be improved by practice. However, the WT and IT practices developed diŠerent correction strategies. The practice method that involves unpredictable inter-trial changes of moving target enables improving the movement correction capability by using the strategy of updating the internal forward model. In contrast, the practice method that involves direct within-trial changes of moving target enables improving the movement correction capability through fast perception-action coupling. Intriguingly, the signiˆcant improvement of the DE Fb z in the Acceleration condition was only observed in the IT group. These results suggest that the direct experience of target velocity changes within a trial is not an essential requirement for improving the movement correction capability. Rather, the experience gained with inter-trial changes of target velocity would enhance the movement correction to a target's acceleration.
In this study, however, the participants in all test conditions were not given the velocity condition that will be presented in the next trial, because it has been shown that movement correction does not occur when the next velocity condition is known (de Azevedo Neto and Teixeira, 2009 ). This procedure may be advantageous for the IT group, which practiced under an uncertain condition, compared with the WT group, which practiced under a certain condition, although a previous study has shown that the eŠect of repeated practice under certain within-trial velocity-change condition can be estimated under both certain and uncertain situations (de Azevedo Neto and Teixeira, 2011) . Further investigations are needed to clearly show the diŠerence between the eŠects of the WT practice and the IT practice.
